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FOREWORD

This publication contains the proceedings of and technical papers
presented at the Aircraft/Stores Compatibility Symposium, held at the
Woodlake Inn, Sacramento, California on 18 - 20 September 1973, In ad-
dition, it contains several other techuical papers prepared for the

symposium but which were not presented.

The purpose of the .symposium was to bring together the technlcal
expertise within Government and industry throughout the world to review
and discusg compatibility developments and experiences. ~ Exchanging
methods and ideas is esgential ir present and future systems development.
No one organization holds all the answers to aircraft/stores compatibilsity
problems. Solutions to these problems depend upon coordinated efforts by
both aircraft and store designers who are aware of the other's require-

ments,

The symposium committee wishes to express its appieciation to those
persons regpouding to the call for papers--the authors asd the presenters—-
the session chairmen, and the attendees for their contributivns in making
the symposium highly successful. Special appreciation is extended to Major
General George V. McLaughlin, Commander, Sacrsmento Air Hateriel Avea, Air

Force Logistics Command, for his welcoming remarks in opening the sywposium.
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Acknowledgenent is made to all those people from McClellan AFB
who worked long hours so diligently, cheerfully and efficiently to

give us such a pleasant, professional success,

Publication of this report does not constitute Air Force

approval of the technical papers’ findings or conclusions. It
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is publighed only for the exchange and stimulation of ideas.
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Chairman, Working Party L2
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ABSTRACT

These proceedings contain the technical papers presented at the
Aircraft/Stores Compatibility Symposium held at the Woodlake Inn,
Sacramento, California on 18 - 20 September 1973 which was sponsored
by the Joint Technical Coordinating Group for Air Launched Non-Nuclear
Ordnance (JTCG/ALNNO). Purpose of the gymposium was to bring together
the technical expertise within Government and industry to review and
discuss aircraft/store compatibility developments and experiences.
Technical papers were presented in five different sessions: General,
Structural Loads, Store Separation, Aircraft Performance, and Experi-
mental Techniques., Each paper in the proceedings has its own abstract,
and contains sections including presentation of dava. discussion of
findings, and recommendaticns/corclusions., The compilation of these
papers, each focusing on the compatibility problem, should prove ex-
tremely valuable to aircraft and store designers by making each aware

of the others®' technical problems and possible golutions.
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WELCOME REMARKS

BY
MAJOR GENERAL GFORGE W, MCLAUGHLIN
SACRAMENTO AIR MATERIEL AREA
AIR FORCE LOGISTICS COMMAND

Good Morning, Ladies and Gentlemen. In behalf of the AFLC Commander
and myself, as the SMAMA Commander, I would like to welcome you to
Sacramento and to the symposium that you will be participating in for
the next couple of days.

I had two reasons for being interested in SMAMA hosting this symposium,
One, a selfish reason, in that it gives a lot better opportunity for
more of the SMAMA engineers to attend, participate, and get the benefits
that accrue from a meeting of this kind. As most of you probably know,
we at SMAMA have been the managers for years of many of the fighters.
Weavon stores compatibility involves all aircraft but it most consist-
ently involves the fighters, Although the SMAMA people have worked
with fighters over the vears and have done a good job, there is still
much to be accomplished.

The second reason is personal. I have been in tactical operations
flying fighter aircraft from World War II up thryr Viet Namj and I
always ended up in dive bombing and doing the close support missions.

I have seen munitions bump together on other airplanes in the formatdion.
T have seen our own aircraft blown up by their own bombs. From P47
operations in Europe ir 1944 all the way up thru the F-100 aircraft in
Viet Nam, As the Director of the TACC (Tactical Air Control Center) I
became more familiar with the conditions because of the problems we had
with short rounds. Short rounds result from all sorts of reasons; one,
human beings. They make mistakes in the setting of switches, etc,
Others are duv2 to reasons other than human. Suprisingly, I have seen
50C pound bombs hit the ground and bounce 50 yards arter hitting a rock
and not detonate until it came to a complete stop. This isn't neces-
sarily incompatibility but may be problems in the bomb mecharism or
possibly the attitude of fimpact. A lot of bomba turn end over end and
also, as you know, we have duds. There is no one alive who has flown
300 or 409 missions in close support who hasn't dropped a dud by his
own failure in setting the switches or too low a release. There is
much important work to be done, evern though a lot of outstanding work
has been accomplished in the past., The way I look at it, each new

Preceding page biank
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fighter is a new ball game on weapon compatibility and requires more
work.

In going thru your booklet that Jim mentioned, you have many, many
interesting papers which are going to be discussed on work that you
experts have done on weapon compatibility. So with that, again I
welcome you. Anything that hasn't been done to make vour stay here
enjoyable, be sure to let Jim or some of us know and we will take
cars of it, Have a good sympasium.

s Preceding page blank
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JTCG/ALNNO MISSION AND ORGANIZATTON

by
It Col H. J. Hansman
Principal Member
Ai:» Force Logistics Cormand

" On behalf of the chairman of the Joint Technical Coordinating
Group for Air Launched Non-Nuclear Orcnance, I would like to add my
welcome to that of General HcLaughlin, I am looking forward to this
symposium as a most beneficial event for all of us.

I would like to take a few minubtes to acquaint you with the

~ background and current activities of the Joint Technical Coordinating

Group for Adr Launched Non-Nuclear Ordnance, betier known as the
JTCG/ALNNO. (Next chart, please.) Our parent organization, if yon
will, is the Joint Logistics Commanders (JLC?, the four Commanders
who ave responsible for meebing the material needs of the US operating
forces., Our JTCG/ALNNO operates under the auspices of the JLC, The
JIC principals are the Commanding General of the US Army Muteriel
Command (AMC), General Henry A, Miley, Jr.; the Chief of Naval Material
Command (NMC), Admiral I. C. Xidd, Jr,; the Commander of the Air Force
Logistics Command (AFLC), General Jack J. Catton; and the Commander
of the Air Force Systems Command {AFSC), General Samel C. Phillips.
These four gentlemen meet quarterly to discuss matters of mutual
interest, arrive at a common understanding of each other's position,
and decide on courses of action to be jointly pursued. Theiv
management concept has been endorsed by the Office of the Secretary
of Defense, and continues to reflect sigrnificant inverservicing
accompilishments. (Next chart, pleasgs )

The joint Commanders achieve their objectives through numerous
coordinating groups and panels. One of these is the JTCG/ALNNO,
vhich was chartered by the JLC on 30 October 1964 and is a very
active, continuing organization. Its missiun, as shown here, is
threefold, Much success has been achieved in establishing a high
degree of awareness between the Services at all levels in our
particular area, and in the recommendation of erzzific programs to
meet Jnown requirements, As you can imagine, this total effort is
a continuing activity covering widely divergent areas of technology,
(Wext slide, pleaseg ’

The lead command for the JTCG/ALNNO is Air Force Systems Command.
There are four principal members, reodresenting AMC, NMC, AFLC, and
AFSC, vith Mr. Roger Hartmeyer from AFSC as the overall chairman.
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These four individuals are authorized to speak and act for their
command in their arveas of responsibility. They also manage and
coordinate the activities of the various working parties within the
JTCG/ALNNO,

There are about 330 people in the 15 JTCG/ALNNO working parties.
Thesc working parties are, as their name implies, the prime movers
who actually accomplish the mission of the JTCG/AINNO. Each working
party has a principal member from his command. Each command
representative is a highiy-qualified technical expert in the working
party'!s area of interest, and is aware of the related efforts in his
cormand pertaining to that subject. Through regular neetings, the
JTCG/ALNNO members have established close technical working relation-

ships between the service development communities. (Next slide,
please.)

Shown here are a few of the accomplishments over the recent
months for which JTCG/ALNNO can be justly proud. This list is not
exhaustive, but is indicative of the type of activities in which the
working parties are engaged. As you can see, the activities range
from the elimination of tetryl from munitions, to the design of a
container retrieval system, to the prepuration of a Joint Development
Plan (JDP) for a Target Activated Muniiions System. Again, these
are merely illustrative of the JTCG/ALNNO undertakings.

Of prime interest %o us today is another mejor accomplishment -
this symposium - which was arranged by the Aircraft Stores Compati-
eility working parhty, under the chairmanship of Mr. Jim Phillip from
SMAMA, I weuld like to thank Jim, his committee, and all their able
aszisbants for the excellent work they have done in organizing this
event, The success of their efforts is obvious from the murber of
active participants here today. I am most pleased to turn the podium
over tc the AFSC Principal Member for Working Party 12, Mr, Charles
Epstein.
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WORKING PARTY 12 ACCOMPLISHMENTS

BY ‘

»
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I don’t know what Col Hansman has been doing, but I know what I've
been~doinga

P O Ty Ty

1 would 1like to add my welcome to all of you for being here at this
second symposium sponsored by .the JCIG. At ‘this particular time, I
wourd like to. recognize -our foreign visitors. Through:.considerable
efforc and some triala and tribu;ations, we have with us representa—

J T g

we -have Cauadians, Israelis, Germans, and Australians. i hope -x
haven t seen someé -of ‘them yet but’ they sald they wvere ¢oming, It is
our liope that this symposium will institute ‘someiking that we haven't
had in the past - a k;nd of international cooperation in this type of
work, After all; thut's the name of the game; to -put ‘the information
out -before 'you, to make contacts, to find out what the other fellow is
doing. Alteady I have found out some interczsting :hings from overseas

snd am looking forward to addicional participation by -our overseas
friends.
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This symposium is :$ponsored by -the JCTG/ALNNO but primarily Working-
Party 12. Working Party 12 is Aircraft Stores Compatibility, and we in {
the committee are -extremely proud of what we have accompiished - :and i
rightly so. The JCTG for Munitions Effectiveuesu have published the i
JMEM manuals which many of you have secen. Perhsps they have outdone us 0l
in terms of weight in paper work that they have put out, or volume of -
file cabinets. But nevertheless, we have succeeded in-the last three

or four years and recently published several documents. The first of

which was a Military Standard, Mil Standard 1289, which covers all tests

and compatibility tests on the ground for airplane and store. I think

, this was sort of a milestone in that in it we have for the first time

drawn together all Army, Navy, and Air Force requirements for that
subiect,

pp ks

e e

Also not too long ago, the second thing that we published was a handbook,
Guide to Aircraft Stores Compatibility. Msny of you have this handbook
but if you don't and wduld like to have it, please contact me. It is
another first. A design manual, 1if you will, available -to the engineer
who is in the business of compatibility., It fs for the aircraft designer,
the rack designer; and the bomb or weapon designer, Thére is a section
in it for each of you. This volume has been published on a one-time
issue with a blue cover, JTZG/ALNNO. We are concurrently having this

. document made into a Mil Handbook, I think. There seems to be some doubt
about that at timeg but it will be a regular official document and publi-
cation should be within the next year I went ahead and published this
guide in the meantime so that people cwuld be using it.

car et
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The third document, the Aircraft Stores Interface Manual, you will be
able to see out there on the table. This document covers aircraft
stores drawings and interface drawings. I am not going to talk about
it because I -am going to have somebody else up here in just a minute.
We have published these three \locuments within the last year, and we
think that they are very useful. It is the first time that anything
like this has ever been published in our field.

Our committee, Working Party 12, is now looking beyond these documents
for -other tasks. In-our particular committee, we are now starting to
work on standardization of flight testing procedures for aircraft stores
compatibility ‘test. This 1s our n2xt major goal, to :come out with a.
£light test document. <Cur working party is. divided into three work
study groups: an electrical mechanical study group headed by Mr., Hoffman

from the Armament Lab; a structural study group headed by Hr. Bill Steeper,

from NAVAIR, and an aerodynamic study: group, of which I am the ‘head’. w

all work together to put out these documents: ‘and ‘we hope that they will

be of some value to you. They .are not of any value :to any of us, if

you- (I guess you are -pretty much the -customers) do-mnot use them, If

after seeing these documents, you have any comments, it is net .too late’ -
to make changes to them; that is what they are here for. We: invite youf'
participation in helping us to get out a document .that is useful to every-
one, So.please take-it that way. We are receptive -to constructive criti~-
cism. We are not too receptive to some criticism, like everyone else,

so 1 stress ~ constructive, constructive criticism. We would like to

have your participation in helping us get these documents in the test
possible shape., So if there is anything we .can do to improve what we have
now, we would like to know about it.

Now I would like to turn the podium over to Mr. Harolid Washmuth of China
Lake who is going to tell you about this document that, as a matter of
fact, just came out the other day.

As Charlie mentioned, I am Harold Washmuth from the Naval Weapons Center,
China Lake, California. I have juet published and prepared for distribu-~
tion the Aircraft Stores Interface Manual for the JTCG/ALNNO. This is a
copy of the volume and we have several out in the Iobby that you people
can look at during the next few days.

In general, it is a compilation of the physical arrangement of aircraft.
There are about 150 1/16-inch scale drawings on aircraft; in goneral,
previev type drawings. There are about 70 drawings on bomb racts. These
give the footprints and the physical geometry of bomb racks {hat would
interface with the store. In the front of the manual is a short text
which basically describes the drawings and their intended use; Also, a
short tekt on how they can be used, I am sure that you penple will -find
ways of your own to use them. I am very interested in your: comments on
this, particularly in any corrections that might be made; errors, things
that need to be added to the drawings and things that you people find in

16
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present an incerference problem. Also in the front of the manual is

a basic description of the ways. to write something up on th‘s aud send
it in to us. As far as T am concetned this can 'be. very informal. But
basically ‘there are a few guidelines given as to what you may wish to
add and some reasons as to why it should be added, I; for omé, am very
happy to add useful .data. There are some plans for making -additions to
the manuval; such as more pylon details, access to the pylons, ete.

A copy of thé distribution liat, which ~8 Just typed and ‘not included

in the manual will be ingerted in the wmanuals out in the hallway.

I would 1ike you to -0 OveYr this list and gee if you are listid and if

the listing is correct. If you would like to be added .to - the distribu- o
tion list, write the informatinn neadéd ‘on the sheet .of paper provided;

distribution ‘will probablv ‘be within the next 30 days. :

In general, the distribution is broken down in this. way. The Army,
AASCOM, St Louis ~ Mr. Cobb has..asked for :the complete Army distribution~
and he will distribute them-within the Army. The Alf Férce ‘has. .esgen- R
‘tially broken their distribution .down to their AMAs and Logistic Com- .
mand. In ‘their System: Command all copie§ will go: to- Mr. Hoffman at !
Eglin. If you are located at Eglin, I would ptefer};hgc you- réquést a -
copy from Mr. Hoffman direct., If for some-reason: this does not work . 3
out, then I would:be glad to have this input. Major airctaft ranu-~
facturers will be on the distribution list.

Is the JTCG organization going to continue to come up with funding for 1
this? 1If so, we will then. continue our work and add to the ‘manual in
thie future. If you have any further questions regarding this matter, i :
I ghall be here at the -symposium and around for the rest of the week Co
and will ba happy to answer them.

At this point, I would like to introduce Mr. Chuck Hoffman from Eglin
Air Force Base, Chairman of the first session and also chairman of our
Electrical Mechanical Section in Working Party 12.
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SUSPENSION EQUIPMENT CONSIDERATIONS )
P2

(0)
(Axrticle Unclas S’fled)

ROBERT L. KYLE

Douglas Aircraft:-Company
Long Beach, California

ABSTRACT (U) i

The Douglas Aircraft Company of the McDonnell Douglas
Corporation has maintained a continuous research and development
Armament Technology Program. One of the products -of this program
is a computer simulation of an ejector rack. Ejector force, pressure
and store position versus time are outputc of this program. A prelimi-
nary error study has been performed in the areas of mechanism design
tolerance, hook loads and temperature effect on ejector operation. At
the present time, this computeér program is being combined with AF .
Flow Angularity Program to obtain a general program for store separa-

tion and ground impact error studies on present and advanced ejector )
concepts.

ANreri we edmeea WA VTP 7

High-density bluff NSRDC Star Fin munitions appear to offer appre- ;
ciable promise when carried conformally. However, in adopting a
completely new weapon, considerable time is required for development

'
dn e At M e Y T u it

and production until the weapon is available in quantity for large-scale S

service usage, Consequently an interim high-density store approach
through conversicn of the existing general purpose hombs to NSRDC )
Star Fin shapes would appear beneficial, The results of a weapon
conversion study indicate that a reasonable NSRDC shape simulation !
can be achieved with the general purpose converted bombs consisting !
of two natural module lengths which allow easy conformal carriage or
multiple carriagc pylon palletization with fixed ejectors.
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The Douglas Aircraft Company of the McDonnell Douglas
Corporation has maintained a continuous research and development
program known as the Advanced Armament 'I‘egb.pology Program. This
program has addressed high-speed aircraft carriage, release and ‘
grovud impact problems associated. with free-fall conventional weapons.
In November 1967, the Douglas A1rcra.ft Company performed a low drag
store carry study whlle under contract to the Naval Ship Research and
Development Center (NSRDC). This study establishéed the aerodynamic
gain associated with fuselage conformal carriage of weapons. Since
this contract, Douglas has performed pumerous supporting studies to

the conformal carnage effort under the Advanced Armament Technology b
Program. TG
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Special weapon suspensicn equipment considerations are encoun- ;
tered with fuselage conformal carriage pallets. A high-energy ejection P
system is advantageous to ensure safe store separation from the pallet
and reduce the influénce of the interference flow field on the entire tra-
jectory and eventual impact point on the ground. In addition, the ground
handling accessibility is very limited in pallets especially for the center
row of ejectors when three or more rows are used. Upon noting these
requiremex.ts, a design study was initiated to develop an ejector rack
that is completely compatible with conformal or pallet mounting of

ejectors. From this study, the Submerged Profile Ejector Racks ;
(SUPER) design was conceived. :

Er e

et o kb

[P R

The SUPER-14 rack uses a unique lug restrammg principle that
eliminates conventional sway bracing without requiring changes in the
standard MIL-A-8591 C or D-bail lugs. Instead of conventional sway
bracing, a self-adjusting wedge provides the necessafv sway-bracing
restraint when the rack hooks are latched durmg store loadmg. This
automatic sway-bracing feature is essential in minimizing aircraft
turnaround time. Closely spaced ejector unit installations are feavible
where conventional sway-bracing techniques are impractical, In addi-
tion, totally submerged conformal carriage applications are possible.

A patent was granted Douglas for the SUPER principle on August 10,
1971,

To obtain the technology necessary to design bomb racks with

greater flexibility, an ejector rack gas dynamic analysis was initiated.

Current cartridge-actuated~device gas-dynamic theory was applied

and evaluated with respect to existing ejector unit empirical data. This

theory was then modified to form an analytical base for future designs.

This analytical apprecach was used to design the SUPER~14 high-energy g

ejection system. SUPER-14 prototype units were fabricated and ejec~ Lt
E- tion tests were performed which substantiated the gas dynamic theory
' : employed in the analysis.

This paper describes the Douglas research and development ejector
rack gas dynamics computer program that developed from these efforts. o

23 Preceding page blank
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In addition, a palletized suspension equipment arrangement study is
presented and discussed which further complements conformal carriage
of weapons.,

N

EJECTOR RACK COMPUTER SIMULATION

To obtain the complete force versus time curve of the ejector, the
gas dynamic analysis was programmed for the IBM 360 digital .com-
puter, In addition, the release mechanism characteristics were simu-
lated to obtam release time information. SURER-14,1810 (MER- 00},
LODE-14 (BRU-3A) and 9610 (MER-7 or MER~10) bomb rack charac-
teristics were determined which provides ejector simulation of the
newer Douglas designed racks. With this computer model, which simu-
lates cartmdge actuated bomb rack operation; the effect of hook loads,
environment, tolerances and cartridge variations canbe ana.lyzcd to
detérmine the magnitude of bomb rack error contributions.

COMPUTER VARIABLES

A number of cartridge, ejector unit and store variables are input
to the 2jector rack model., A partial list of these variables is given
below.

Cartrid ge Variables:

Type used
Number used
Booster charge weight
Booster charge density
Booster charge burning rate
3ooster charge average molecular weight
Booster charge gas constant volume specific heat
Main charge weight
Main charge web- thickness
Main charge density
Main charge burning rate
Main charge average molecular weight
Main charge gas constant volume specific heat
Total volume of empty cartridge
_Ambient ai: temperature
Ambient air pressure

Ejector Unit Variables:

Breech total volume

Breech heat loss characteristics

Aft end housing initial volume
Forward end housing initial volume
End housing heat loss characteristics
Aft orifice diameter

2 Preceding page blank
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Forward orifice diameter

First piston stroke length ~ s
First piston area

Second piston stroke length

Second piston area

Release characteristics of ejector unit

Store Variables:

‘Store weight

Store radius

Pitch mass moment of inertia

Yaw mass moment of inertia

Roll mass-moment of inertia

Distance cg to aft piston .
Distance cg to forward piston - -
Inertial initial loading

Aerodynamiic loading

TEST DATA GOR’RELATI,ON

-~

Excellent correlation with test data has been obtained with this
computer simulated ejector rack model. Figure 1 shows a comparative
-plot of computer model obtained data versus test data for the SURER-14
- ejector unit. Similar correlation has been obtained for other store
weights and the 9610, ,LODE-14 and 1810 ejector racks. In addition to
force versus time data, breech and ejector pressures are detcrmined
and can be output as a function of time. Vertical and lateral store
positions and angular position and velocity are also computed and output
to further describe the ejection event, Through this theoretical com~-
puter approach, the effect of environment and external loads on the
ejection system can be determined at low cost without expensive instru-
mented tests being performed.

PRELIMINARY ERROR STUDY

A preliminary error study has been performed in the areas of mech-~
anism design tolerance, hook load effect and temperature effect on
ejector operation. As an example of this application, Figure 2 shows
the effect and manufacturing tolerance on the release time to hook open-~
ing for the 9610 and SUPER~14 bomb racks, Three manufacturing
tolerance conditions were investigated with the computer model: (1) the
tolerance extreme that provides minimurmn locking; (2) the nominal tol-
erance condition that provides average locking; and (3) the folerance

extreme that provides maximum locking. An examination of these curves
shows that release fime and release time spread for tolerance variation
for the SUPER-14 is considerably less than that of the 9610, The
SUPER~14 utilizes a new hook release mechanism which is superior to
the 9610 release mechanism as shown by the results of Figure 2.
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FIGURE 1. SUPER-14 COMPUTER VERSUS TEST DATA
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FICURE 2. MANUFACTURING TOLERANCE EFFECT
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High hook load effects are shown in Figures 3 and 4 for the 9610 and ) 4
SUPER-~14 respectively, Although very little variation in end-of-stroke :
(EOS) veloc1ty was obtained with the 9610 of SUPER-14, an appreciable
variation in overall impulse time resulted for the 9610 but not for the

! SUPER~14, As before, the SUPER~14 superior release mechanism is

i illusirated by these results. Very little température effect was obtained

; for the 9610 or SUPER-14. However, Figures 5 and 6 demonstrate a i
subtle temperature effect for the LCDE-14 without, and with orifices. ;
Figure 5 shows that without orifices the LCDE-14 ECS velocity varies
by 3.5 ft/sec from -65 to 160°F. When 0.089 orifices are installed this
temperature effect is reduced to a2 1,2 ft/sec variation as shown by Fig-
ure 6. This observation indicates that even if orificing is not reqmred
for pitching, equal orifices are beneficial toward. eliminating a major
portion of the temperature effect with the LODE-14.

TR R T

GROUND IMPACT ERROR )

An investigation of the ground impact error associated with the

effects of mechanism tolerance, hook lpad and temperature was per- ;
formed using an Eglin error analysis based on a free-stream ballistic . '
approach. This study indicates that an 18-foot impact error can result '
for typical MER hook loads for the 9610 due to mechanism tolerance.
Whereas, a 2-foot impact error is associated with the SUPER-14 for
identical loading conditions. The high hook load effect on total impulse
indicates a 15-foot error for the 9610 and zero error for the SUPER-14,
A T7-foot temperature effect impact error is indicated for the LODE-14 )
without orifices and a L2-foot error is indicated for 0,089 orifices. ;
However, this free-stream ballistic impact error treatment leaves a

great deal to be desired, because the aircraft interference flow field has f
been ignored totally. . '

22 ] T L I !
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FIGURE 3. 9610 HIGH HOOK LOAD EFFECT
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FIGURE 6. LODE-14 TEMPERATURE EFFECT WITH ORIFICES
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INTERFERENCE FLOW FIELD

In reality, the aircraft interference flow field may reduce or
aggravate any or all of these errors. In addition, the treatment of the
self-stabilizing effect of dual ejectors and new advanced ejector concepts

. is difficult without taking into account the aircraft interference flow

field. As a consequence, the research and development technology
effort is being directed toward combining the Douglas ejector rack com-
puter simulation with the Air Force Flow Angularity computer program.
When the two computer programs are combined, the interference flow
field features of the Air Force program will produce representative
weapon loading so that the ejector rack operation can be simulated
realistically., Through this approach, an improved general program
will be obtained with which store separation and ground impact error
effects can be studied for present and advanced ejector rack concepts.

INTERIM PALLETIZED CARRIAGE

Since the inception of external carriage of stores on tactical air-
craft, appreciable change in combat aircraft conventional munition arma-
ment requirements has occurred. Prime requirements have evolved for
increased accuracy, improved performance, and increased carriage and
delivery flexibility. As a result, numerous store carriage studies have
been performed to provide solutions for these needed improvements.

Of these studies, the high~density bluff weapons appear to show appre-~
ciable promise. The NSRDC Star Fin bluff shape, AF BLU-58 and con-
verted M-117TM-6 are examples of current noteworthy high-density
weapon develcpments.,
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BLUFF MUNITION CONSIDERATIONS

NSRDC studies of the high~density Star Fin store show cunsiderable
aerodynamic, delivery, and ballistic improvements. Through the aero-
dynamic improvements, increased aircraft performance in the form of
increased range or speed are obtained, Delivery improvements of the
NSRDC shape allow the safe separation and weapon release envelope to
be expanded to increase delivery maneuver flexibility., Greater store
stability during and after ejection provide ballistic improvements which
result in decreased baliistic dispersion with subsequent increased
accuracy,

in adopting a completely new weapon system such;as new high~
density munitions, considerable time is requirer for development and
production until the weapon is available in quant: y for large~scale ser-
vice usage. In fact, large quantities of the new weapon will probably not
be procured until the existing stockpile of conventional munitions has
been reduced substantially, This delay in obtaining high-density store
advantages is unfortunate., Consequently, an interim high-density store
approach through conversion of existing weapons would appear beneficial.

WARHEAD REVERSAL .

The reversal of the M~117 warhead and the addition of a modification
kit to form the M-117M-6 is an excellent example of obtaining a high=
density munition from the conversion of an existing high-quantity muni-
tion., These considerations have prompted Douglas to study the possi-
bilities of converting the family of general 